Electric field amplitude of a metamaterial unit cell is shown in Supplementary Fig. S1 . The electric field is calculated 5nm above the gold surface by using the commercial finite integration solver (CST-MWS).
Supplementary Fig. S1 . Electric field amplitude in the (a) x-direction, (b) y-direction, and (c) z-direction at about the Fano resonance for a typical Fano resonant metasurface.
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B-Molecular orientation dependence of surface adsorption density
We show a sample model for the molecular orientation per plasmonic element for the two kinds of bonding in Supplementary Fig. S2 . In addition, we also note that E-field magnitude in the zdirection does not change considerably in 4nm thickness [Ref. 40] . We draw DT and UDT configuration for which the surface adsorption would be possible for the two cases in Supplementary Fig. S2 . For the best case scenario surface adsorption density for the vertical case is two times the horizontal case. We would clearly see difference at the Amide-I absorption peaks in Fig 
C-Second derivative spectra for the determination of amide frequencies
Vibrational frequencies are different for the two adsorption types. Fig. 5 (a) presents normalized difference spectra that are represented as two data points in Fig. 6 (a) and their difference is minor at this particular point. The difference can be better seen from the second derivative plot in Supplementary Fig. S3 from which exact Amide-I frequency is determined.
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Supplementary Fig. S3 . Second derivative spectra for the representative spectra shown in Fig. 5(a) .
D-Estimation of the overall coupling coefficients of the metasurface and peptide modes
Estimation of the overall coupling coefficients of the peptide and metasurface can be done with two different methods. In the first method, we obtain the reflection, transmission (semianalytically), and thereby the absorption spectra for the bare and functionalized metasurfaces.
The overall coupling coefficient is estimated for the representative pixel of Wafer-B as cm -2 and cm -2 by using Eq. 9, Eq. 4 and Eq. 2.16 of Ref. 39 . In other words, the coefficients and can be obtained solely from a single pixel measurement by using the extracted , , and | | . We observed that the estimated loss factor for the vertical case ( ) is smaller than the horizontal case ( ) and the coupling coefficient for the vertical case (| | ) is larger than the horizontal case (| | ). On the average this creates a balance between the overall coupling coefficients and .
In the second method, overall coupling coefficient (υ) can be extracted from the reflection measurements of multiple pixels by fitting theoretical equations 7-8 to the experimental data as shown in Fig. 6 . We obtain cm -2 for the horizontal peptide and 1000 cm -2 4 for the vertical peptide by using the algorithms of commercial software. These values agree very well with the analysis parameters extracted from the first method.
When we apply the second method, for the low frequency region (Wafer-A samples) the overall coupling coefficient for the arrays ( ) are larger than the ones ( in the high frequency region (Wafer-B samples). The main reason for varying overall coupling coefficients in the low frequency region (Wafer-A) is the intentional variation of quality factors of Wafer-A arrays. As Wafer-A samples were scaled by keeping the periods P x , and P y the same, the quality factors for each sample were different. This introduced an asymmetric variation in the experimental data; however, for the sake of simplicity we only provided the theoretical results for an average overall coupling coefficient of cm -2 as shown in Fig. 6 (b).
